Aerobic phototrophic bacteria (APB) contain bacteriochlorophyll (bchl) a and carotenoid pigments but are unable to use the bchl for anaerobic photosynthetic growth, despite the presence of a photosynthetic apparatus. Although they are capable of anoxygenic photosynthesis under aerobic conditions, their energy metabolism is mainly based on respiration and the contribution that light makes to the energy metabolism of such predominantly chemoheterotrophic bacteria is small (Yurkov et al., 1994; Yurkov & Beatty, 1998; Imhoff & Caumette, 2004; Yurkov, 2006; Boldareva et al., 2009) . The levels of photosynthetic activity recorded in APB are consistently low, and light and high oxygen tensions suppress the synthesis of bchl in these bacteria (Yurkov et al., 1994) .
The increasingly large group of species identified as APB is very heterogeneous in terms of phylogeny, cell morphology and physiology. Phylogenetically, APB do not form a homogeneous cluster but are distributed among several photosynthetic and non-photosynthetic species (Yurkov & Beatty, 1998; Yurkov, 2006) . However, most aerobic phototrophic species are members of the class Alphaproteobacteria (Kersters et al., 2006; Yurkov, 2006) . Obligately aerobic bacteria that contain bchl a have been isolated relatively recently (Shiba et al., 1979) . They are found worldwide, in different geographical areas and ecological niches where they may represent a significant portion of the heterotrophic microbial population (Béjà et al., 2002; Yurkov, 2006) . Although most species have been isolated from aquatic (freshwater or seawater) environments that have high concentrations of soluble organic matter (Yurkov, 2006) , a few species (e.g. Craurococcus roseus and Paracraurococcus ruber) have been found in soil (Saitoh et al., 1998) . Some species occur in extreme environments that are characterized by acidic conditions [e.g. members of the genus Acidiphilium (Harrison, 1981) ] or alkaline conditions [e.g. Roseococcus suduntuyensis (Boldareva et al., 2009)] or by relatively high temperatures [e.g. Roseococcus thiosulfatophilus, Sandaracinobacter sibiricus and Rubritepida flocculans (Yurkov et al., 1994 (Yurkov et al., , 1997 Alarico et al., 2002) ] or low temperatures [e.g. Roseicitreum antarcticum (Yu et al., 2011)] . In this study, we report the characterization of a novel bacterium, of the APB group of the family Acetobacteraceae, which was isolated from soil and is able to grow well at relatively low temperatures. located in Welsberg, South Tyrol, Italy. The strain was isolated as previously described by Zhang et al. (2010 Reasoner & Geldreich, 1985] at 20 u C. Strain W37 T was routinely cultured on R2A agar at 25 u C and preserved, as a suspension in skim milk (10 %, w/v), at 280 u C. Rubritepida flocculans DSM 14296 T , which was routinely grown on R2A agar at 40 u C, was used as reference strain.
The genomic DNA of strain W37
T was extracted and purified as described by Sambrook et al. (1989) . The 16S rRNA gene was then amplified by PCR as described by Zhang et al. (2011a) , with the universal primers 27F (59-AGAGTTTGATCCTGGCTCAG-39) and 1541R (59-AAGGAGGTGATCCAGCCGCA-39). The amplification product was cloned into the pGEM-T Easy vector (Promega), and the recombinant plasmid was propagated in Escherichia coli according to the vector manufacturer's instructions. Sequencing was carried out, by Eurofins MWG Operon (Ebersberg, Germany), using dideoxy chain termination/cycle sequencing, an ABI 3730XL sequencer (Applied Biosystems) and version 3.1 of the ABI Big Dye Terminator kit (Applied Biosystems). After aligning the novel strain's sequence with 16S rRNA gene sequences retrieved from the GenBank and EMBL databases, within version 1.8 of CLUSTAL_X (Thompson et al., 1997) , phylogenetic analysis and tree construction was carried out using version 5.0 of the MEGA software package (Tamura et al., 2011) . Phylogenetic trees were constructed using the neighbour-joining (Saitou & Nei, 1987) and maximum-likelihood (Felsenstein, 1981) algorithms. The neighbour-joining tree ( Fig. 1 ) indicated that strain W37 T formed a distinct lineage in the family Acetobacteraceae and was most closely related to members of the genera Roseococcus and Rubritepida (with sequence similarities ,92.8 %). A similar topology was found in the maximumlikelihood tree. Strain W37 T showed ,94.0 % sequence similarity to all other recognized members of the family Acetobacteraceae. The phylogenetic position of strain W37 T among members of the family Acetobacteraceae was unique and distinct. It is generally recognized that divergence values of ¢3 % between 16S rRNA gene sequence similarity and species delineation are significant (Stackebrandt & Goebel, 1994) .
All tests described below were carried out simultaneously with cells of strain W37
T grown at 25 u C and cells of strain Rubritepida flocculans DSM 14296 T grown at 40 u C. Cell morphology was examined under a phase-contrast light microscope (Diaplan; Leitz) and in a transmission electron microscope (Libra 120 EFTEM; Zeiss). Motility was also examined by light microscopy. Gram staining was investigated by using the bioMérieux Gram-stain kit. Catalase activity was determined by bubble production in 3 % (v/v) H 2 O 2 and cytochrome c oxidase activity was determined using 1 % (w/v) N,N,N9,N9-tetramethyl-pphenylenediamine. Physiological and biochemical characteristics and enzyme activities were determined with the API 20 NE, API 20 E and API ZYM systems (bioMérieux). The assimilation of glucose, maltose, sucrose, L-arabinose, mannose, D-sorbitol, myo-inositol, salicin, sorbose, glycerol, lactose, N-acetyl-D-glucosamine, Tween 40, Tween 80, ethanol and methanol, each a final concentration of 0.2 % (w/v), was additionally tested in liquid culture, as described by Zhang et al. (2010) . Since the novel strain and reference strain were both found to require yeast extract for growth (no growth was observed in assimilation tests based on API 20 NE strips), the pH-neutral phosphate-buffered mineral medium (PBMM) used for the latter tests contained yeast extract (0.01 %, w/v) in addition to vitamins and a trace-element solution (Zhang et al., 2010) . Amylase, lipase and protease activities were tested on R2A agar supplemented with the appropriate substrates (i.e. starch, tributyrin and skim milk, respectively; Margesin et al., 2003) . Growth under anaerobic conditions was assessed on R2A agar and 0.56 nutrient agar (Difco), each supplemented with 10 mM KNO 3 , after 7 days of incubation in an anaerobic jar containing Anaerocult A (Merck) to produce anaerobic conditions. In addition, anaerobic respiration with alternative electron acceptors was assessed on R2A agar supplemented with 2 mM NaNO 2 , 20 mM NaNO 3 , 10 mM Na 2 SO 4 , 30 mM Na 2 S 2 O 3 or 30 mM DMSO, as described by Alarico et al. (2002) . Light-dependent growth stimulation was examined by comparing aerobic growth in R2A broth with that in PBMM containing yeast extract (0.01 %, w/v) and lactate (0.2 %, w/v). Anaerobic growth under illumination was examined on R2A agar in an anaerobic jar (containing Anaerocult A). The ability to oxidize thiosulfate was tested in PBMM containing 0.01 % (w/v) yeast extract and either 0.05 % or 0.1 % (w/v) thiosulfate; for this experiment, growth (as culture absorbance at 600 nm) and residual thiosulfate concentration (Lange & Vejdelek, 1980) were monitored spectrophotometrically at regular time intervals. Growth at 1 and 5-45 u C (at intervals of 5 u C) was assessed on R2A agar and in cultures in R2A broth shaken at 150 r.p.m.; growth of the reference strain was similarly assessed but over a wider range of temperatures (1-60 uC). Growth at pH values of 5, 6, 7, 8, 9 and 10 was assessed using buffered R2A agar, while growth with 0, 1, 2, 3, 5, 7 and 10 % (w/v) NaCl was determined on R2A agar. The ability to produce polyhydroxyalkanoates was evaluated after staining cells grown on agar plates with 0.02 % (w/v) Sudan black B in 96 % (v/v) ethanol, as described previously (Shi et al., 2002; Zhang et al., 2011b) . Susceptibility to antibiotics was determined on R2A agar using antibiotic discs (bioDiscs, bioMérieux). The morphological, physiological and biochemical characteristics of strain W37
T are given in the species description. The features that differentiate the novel strain from Rubritepida flocculans DSM 14296 T are given in Table 1 .
Bacteriochlorophyll and carotenoids were extracted from whole cells of strain W37
T (grown at 25 u C) with acetone/ methanol (7 : 2, v/v), as described by Yurkov et al. (1994) , Alarico et al. (2002) and Boldareva et al. (2009) . Absorption spectra were recorded spectrophotometrically. The presence of low levels of bchl a in strain W37
T was supported by a small absorption peak at 764 nm. In an earlier investigation, a similar extract from Rubritepida flocculans DSM 14296 T gave a small peak at 770 nm, which was interpreted as an indication of the presence of a small concentration of magnesium-bchl a (Alarico et al., 2002) . The presence of carotenoids in cells of strain W37
T was supported by absorption peaks at 449, 479 and 505 in the spectrum of the acetone/methanol extract (and by a peak at 370-376 nm in the corresponding in vivo spectrum). Similar results were reported for the three species that are, phylogenetically, most closely related to the novel strain: Rubritepida flocculans (Alarico et al., 2002) , Roseococcus suduntuyensis (Boldareva et al., 2009) and Roseococcus thiosulfatophilus (Yurkov et al., 1994) . Although the cells of strain W37
T appeared pale pink, this pigmentation only became apparent after about 14 days of cultivation at 20-25 u C.
Cellular fatty acids were determined by the Identification Service of the Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ) at Braunschweig, Germany, using cells of strain W37
T and Rubritepida flocculans DSM 14296 T that had been grown for 4 days on R2A agar at 20 u C and 40 u C, respectively. Under these conditions, the two strains showed similar growth patterns and, at the end of each incubation, sufficient cells of comparable physiological age could be harvested from the third-streak quadrants of the agar plates. The fatty acid methyl esters were extracted and prepared according to the standard protocol of version 6.1 of the Sherlock Microbial Identification System (MIDI; Sasser, 1990) before being separated on a 6890N gas chromatograph (Agilent) and identified using version 4.10 of the TSBA database. The predominant cellular fatty acids of strain W37
T were C 18 : 1 v7c (49.4 %) and summed feature 3 (C 16 : 1 v7c and/or iso-C 15 : 0 2-OH; 26.3 %). C 18 : 1 2-OH (6.8 %), C 19 : 0 cyclo v8c (6.3 %) and C 16 : 0 (6.2 %). C 16 : 1 v5c (1.9 %) and C 18 : 1 v5c (1.0 %) were also detected (Table 2 ). In comparison, summed feature 3 represented only a very small proportion (0.6 %) of the cellular fatty acids extracted from cells of Rubritepida flocculans DSM 14296 T (Alarico et al. 2002) .
The polar lipid profile of strain W37 T was analysed by the TLC methods of Tindall (1990a, b) , with molybdatophosphoric acid, molybdenum blue, ninhydrin and a-naphthol used to detect total lipids, phospholipids, aminolipids and glycolipids on the TLC plates, respectively. The polar lipid profile of strain W37
T contained phosphatidylglycerol (PG), diphosphatidylglycerol (DPG), phosphatidylethanolamine (PE), phosphatidylcholine (PC), three unidentified aminolipids and one other unidentified lipid (Fig. S1 , available in IJSEM Online). This profile is similar to that reported for Rubritepida flocculans DSM 14296 T , which comprised PG, DPG, PE, PC and two unidentified aminolipids (Alarico et al., 2002) .
The DNA G+C content of strain W37 T , as determined by the Identification Service of the DSMZ using standard HPLC (Mesbah et al., 1989) , was 68.2 mol%, which was close to the values reported for Roseococcus suduntuyensis (69.1 mol%; Boldareva et al., 2009) , Rubritepida flocculans (70.2 mol%; Alarico et al., 2002) and Roseococcus thiosulfatophilus (70.4 mol%; Yurkov et al., 1994) , the three phylogenetically most closely related species to strain W37 T .
The data presented in this study indicated that strain W37 T was a psychrophilic member of the family Acetobacteraceae, able to grow well at low temperatures (1-5 u C).
[Psychrophilic is here used as a general term to describe a micro-organism that grows in a cold environment, since the use of growth rates to define optimum growth temperature, as described by Morita (1975) , has been shown to be ambiguous and inappropriate (Feller & Gerday, 2003; Cavicchioli, 2006; Margesin, 2009 ).] In possessing bchl a and carotenoids, being unable to grow photoheterotrophically under anaerobic conditions or anaerobically in the absence or presence of light, and accumulating storage compounds (polyhydroxyalkanoates), strain W37
T exhibited the properties of an aerobic phototrophic bacterium. Strain W37 T required yeast extract for growth. Like some APB, strain W37 T oxidized thiosulfate, as shown by a significant decrease in thiosulfate in cultures when they reached the late stationary growth phase. Strain W37 T could be easily differentiated from its closest phylogenetic relative, Rubritepida flocculans DSM 14296 T , by several phenotypic properties, such as its pigmentation, its ability to grow well over a temperature range of 1-25 u C, its inability to grow at temperatures Table 1 . Phenotypic characteristics that differentiate strain W37
T from Rubritepida flocculans DSM 14296 T Strains: 1, W37 T ; 2, Rubritepida flocculans DSM 14296 T . All data from this study unless indicated otherwise. Both strains were positive for catalase, cytochrome c oxidase, alkaline phosphatase, esterase (C4), esterase lipase (C8), urease, leucine arylamidase (weak) and a-chymotrypsin (weak), activities, the assimilation of glucose, L-arabinose and lactate, and the oxidation of thiosulfate. Both strains were negative for anaerobic growth, photosynthetic growth under anaerobic conditions, light-dependent growth stimulation under aerobic conditions, nitrate reduction, indole production from tryptophan, H 2 S production, cystine arylamidase, trypsin, a-glucosidase, b-glucosidase, a-galactosidase, b-galactosidase, bglucuronidase, N-acetyl-b-glucosaminidase, a-fucosidase, amylase, protease (skim milk), arginine dihydrolase, lysine dihydrolase, ornithine dihydrolase and tryptophan deaminase activities, aesculin hydrolysis, citrate utilization and glucose fermentation.+, Positive; 2, negative; W, weakly positive.
Characteristic 1 2
Isolation source Hydrocarbon-contaminated soil Hot spring* Pigmentation on R2A agar Pale pinkD Red Growth on R2A agar:
68.2 70.2* *Data from Alarico et al. (2002) . DPigmentation only appears after about 14 days at 20-25 u C.
above 30 u C and its inability to hydrolyse gelatin (Table 1) . Based on the phylogenetic and phenotypic evidence presented, strain W37 T represents a novel species of a new genus in the family Acetobacteraceae, for which the name Humtalea rosea gen. nov., sp. nov. is proposed.
Description of Humitalea gen. nov.
Humitalea (Hu.mi.ta9le.a. L. n. humus soil; L. fem. n. talea a rod, stick; N.L. fem. n. Humitalea a rod from soil).
Cells are Gram-staining negative, pale-pink-pigmented (pigmentation appears only after about 14 days of incubation at 25 u C on R2A agar), non-motile rods. Obligately aerobic. Possesses bchl a and carotenoids. Does not grow under anaerobic conditions in the light and does not show light-dependent growth stimulation under aerobic conditions. Accumulates polyhydroxyalkanoates. The major polar lipids are diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, phosphatidylcholine and unidentified aminolipids. The predominant cellular fatty acids are C 18 : 1 v7c and summed feature 3 (C 16 : 1 v7c and/or iso-C 15 : 0 2-OH). The genus is affiliated to the family Acetobacteraceae of the order Rhodospirillales (class Alphaproteobacteria). The type species is Humitalea rosea.
Description of Humitalea rosea sp. nov.
Humitalea rosea (ro9se.a. L. fem. adj. rosea rose-coloured, pink, referring to the pigmentation of the bacterium).
Displays the following characteristics in addition to the general morphological and chemotaxonomic characteristics given in the genus description. Cells are short rods that measure 0.961.4-1.7 mm after 5 days at 25 u C on R2A agar and often occur in pairs. Colonies on R2A agar, are pale pink (pigmentation only appears after about 14 days at 25 u C), smooth, round, glossy, convex, and circular with entire margins, and measure about 1 mm in diameter after 5 days at 25 u C. Grows well at 1-30 u C in R2A broth and on R2A agar but does not grow at 37 u C. Grows well at pH 7 and with 0-2 % (w/v) NaCl; growth with 3 % (w/v) NaCl is weak. Negative for anaerobic growth on standard R2A agar, half-strength nutrient agar and R2A agar supplemented with 2 mM NaNO 2 , 10 mM K NO 3 , 20 mM NaNO 3 , 10 mM Na 2 SO 4 , 30 mM Na 2 S 2 O 3 or 30 mM DMSO. Negative for nitrate reduction, indole production (from tryptophan), H 2 S production, citrate utilization and hydrolysis of aesculin and gelatin. Strongly positive for catalase, cytochrome c oxidase, urease, alkaline phosphatase, esterase (C4) and esterase lipase (C8) activities and weakly positive for leucine arylamidase, achymotrypsin, acid phosphatase and naphthol-AS-BIphosphohydrolase activities but negative for lipase (C14), cystine arylamidase, trypsin, a-glucosidase, b -glucosidase, a-galactosidase, b-galactosidase, b-glucuronidase, N-acetylb-glucosaminidase, a-fucosidase, amylase, protease (skim milk), arginine dihydrolase, lysine dihydrolase, ornithine dihydrolase and tryptophan deaminase activities. Requires yeast extract for growth. Shows tendency to flocculate in nutrient-rich media. Positive for the assimilation of glucose, L-arabinose, mannose, lactate, Tween 40 and Tween 80 and the oxidation of thiosulfate. Negative for the assimilation of maltose, sucrose, sorbose, D-sorbitol, myoinositol, glycerol, salicin, N-acetyl-D-glucosamine, ethanol and methanol and the fermentation of glucose. Resistant to erythromycin (15 mg), tetracycline (30 mg), chloramphenicol (30 mg), kanamycin (30 mg), amikacin (30 mg) and fusidinic acid (10 mg) but susceptible to neomycin ((30 mg) and streptomycin (10 mg). The main cellular fatty acids (.5 %) are C 18 : 1 v7c, summed feature 3 (C 16 : 1 v7c and/or iso-C 15 : 0 2-OH), C 18 : 1 2-OH, C 19 : 0 cyclo v8c and C 16 : 0 .
The type strain, W37
T (5CIP 110261 T 5LMG 26243 T ), was isolated from soil from a former military area in Welsberg, South Tyrol, Italy. The DNA G+C content of the type strain is 68.2 mol%. *Summed features represent groups of two or three fatty acids that could not be separated by GLC with the MIDI system. Summed feature 2 contained C 14 : 0 3-OH and/or iso-C 16 : 1 I; summed feature 3 contained C 16 : 1 v7c and/or iso-C 15 : 0 2-OH.
